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SYSTEM AND METHOD FOR CORRELATING SLEEP APNEA 
AND SUDDEN CARDIAC DEATH 

BACKGROUND OF THE INVENTION 

[0001] Sudden cardiac death ("SCD") can be generally defined as death within one 
hour of the onset of symptoms without a previously-known disease or a disease that was 
expected to be lethal. SCD can also occur without symptoms or warnings signs. SCD is 
often described with respect to an unwitnessed death with the victim having been known 
to be alive less than 24 hours earlier. 

[0002] SCD can kill its victims within minutes and often occurs in outwardly healthy 
people who have no known heart disease. Although it may occur in outwardly healthy 
people, most victims do have heart disease or other health problems, often without being 
aware of it. SCD claims about 300,000 lives a year in the United States and presents a 
public health challenge in that often the only indication a patient is at risk appears when 
the patient succumbs, without warning, to a heart failure episode. 

[0003] In many cases, SCD victims suffer from ventricular tachycardia that 
degenerates into ventricular fibrillation. Ventricular tachycardia is a type of cardiac 
arrhythmia that is a serious, often-times, fatal condition characterized by rapid, 
uncontrolled, and ineffective beating of the heart. Ventricular fibrillation is a chaotic 
ventricular heart rhythm which produces little or no net blood flow from the heart, such 
that there is little or no net blood flow to the brain and other organs. Ventricular 
fibrillation, if not terminated, results in death. Researchers continue their efforts to predict 
the onset and triggers for such ventricular tachyarrhythmias and SCD. 

[0004] Sleep apnea is a condition that can cause serious medical problems if left 
untreated. The risk of heart disease and stroke increases, and the probability of having 
traffic accidents also increases. Patients most likely to develop sleep apnea include those 
who snore loudly, are overweight, have high blood pressure, or have some physical 
abnormality in the nose, throat, or other parts of the upper airway. 

[0005] Sleep apnea is a breathing disorder characterized by brief interruptions of 
breathing during sleep. There are two types of sleep apnea: central and obstructive. 
Central sleep apnea occurs when the brain fails to send the appropriate signals to the 
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breathing muscles to initiate respiration. Obstructive sleep apnea occurs when air cannot 
flow into or out of the patient's nose or mouth although efforts to breathe continue. 

[0006] Sleep apnea is thought to be caused by certain mechanical and structural 
problems in the airway which cause the interruptions in breathing during sleep. In some 
patients, sleep apnea occurs when the throat muscles and tongue relax during sleep and 
partially block the opening of the airway, making breathing labored and noisy, and even 
stopping breathing altogether. With a narrowed airway, the patient continues his efforts to 
breathe, but air cannot easily flow into or out of the nose or mouth. Unknown to the 
patient, this results in heavy snoring, periods of no breathing, and frequent arousals, which 
are abrupt changes from deep sleep to light sleep. During an apneic event, the patient is 
unable to breathe in oxygen and to exhale carbon dioxide, resulting in low levels of 
oxygen and increased levels of carbon dioxide in the blood. The reduction in oxygen and 
increase in carbon dioxide alert the brain to resume breathing and cause an arousal. With 
each arousal, a signal is sent from the brain to the upper airway muscles to open the 
airway, and breathing is resumed, but often with a loud snort or gasp. 

[0007] In normal sleep, the body transitions from wakefulness to non-rapid eye 
movement. During this phase, there is a reduction in central respiratory drive. This results 
in a regular pattern of breathing. At approximately the same time, the patient's heart rate, 
blood pressure, stroke volume, cardiac output, and systemic vascular resistance all 
decrease. This results in a state of hemodynamic and autonomic relaxation during which 
myocardial workload is reduced. A patient with sleep apnea does not experience a regular 
pattern of breathing, and as a result, the body has different hemodynamic and 
cardiovascular responses. 
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BRIEF DESCRIPTION OF THE INVENTION 

[0008] As the underlying physiological causes of cardiac arrhythmias are not fully 
understood, the effects of sleep apnea on SCD currently cannot be accurately predicted. 

[0009] In one embodiment, the invention includes a method of predicting sudden 
cardiac death in a patient being monitored for sleep apnea. The method can include 
acquiring respiration and electrocardiogram data from the patient and analyzing the 
acquired data to determine a correlation between sleep apnea and sudden cardiac death. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 illustrates a patient with electrodes connected to a patient data 
acquisition system. 

[001 1] FIG. 2 is a diagram of a sudden cardiac death prediction system according to 
one embodiment of the invention. 

[0012] FIG. 3 is a schematic diagram of a software program for use in the sudden 
cardiac death prediction system of FIG. 2. 

[0013] FIG. 4 is a flow chart illustrating the operation according to one embodiment of 
the invention of the sudden cardiac death prediction system of FIGS. 2 and 3. 

DETAILED DESCRIPTION 

[0014] Before any embodiments of the invention are explained in detail, it is to be 
understood that the invention is not limited in its application to the details of construction 
and the arrangement of components set forth in the following description or illustrated in 
the following drawings. The invention is capable of other embodiments and of being 
practiced or of being carried out in various ways. Also, it is to be understood that the 
phraseology and terminology used herein is for the purpose of description and should not 
be regarded as limited. The use of "including," "comprising" or "having" and variations 
thereof herein is meant to encompass the items listed thereafter and equivalents thereof as 
well as additional items. The terms "mounted," "connected" and "coupled" are used 
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broadly and encompass both direct and indirect mounting, connecting and coupling. 
Further, "connected" and "coupled" are not restricted to physical or mechanical 
connections or couplings, and can include electrical connections or couplings, whether 
direct or indirect. 

[0015] In addition, it should be understood that embodiments of the invention include 
both hardware and electronic components or modules that, for purposes of discussion, may 
be illustrated and described as if the majority of the components were implemented solely 
in hardware. However, one of ordinary skill in the art, and based on a reading of this 
detailed description, would recognize that, in at least one embodiment, the electronic based 
aspects of the invention may be implemented in software. As such, it should be noted that 
a plurality of hardware and software based devices, as well as a plurality of different 
structural components may be utilized to implement the invention. Furthermore, and as 
described in subsequent paragraphs, the specific mechanical configurations illustrated in 
the drawings are intended to exemplify embodiments of the invention and that other 
alternative mechanical configurations are possible. 

[0016] Sleep apnea and SCD are thought to be related. A patient with sleep apnea 
experiences oscillations between apneic and ventilatory phases with resulting changes in 
hemodynamic and cardiovascular parameters. Generally, after an apneic event, the patient 
experiences surges in heart rate and blood pressure. With multiple apneic events, the 
repetitive surges in hemodynamic and cardiovascular parameters prevent the normal 
decrease in heart rate and blood pressure that occurs in a patient without sleep apnea. 
These sudden changes in the hemodynamic and cardiovascular parameters may contribute 
to adverse cardiovascular outcomes. 

[0017] Sleep apnea can be a symptom of congestive heart failure. Sleep apnea can 
also exacerbate congestive heart failure. Congestive heart failure is a condition or process, 
in which the heart is unable to pump enough blood to meet the needs of the body's tissues. 
Rather, the heart weakens, usually over time, so that it is unable to effectively pump out all 
the blood that enters its chambers. As a result, fluids tend to build up in the lungs and 
tissues, causing congestion. Thus, it is beneficial to monitor a patient for sleep apnea 
because the detection of sleep apnea can help to diagnose whether a patient has cardiac 
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problems. In general, patients suffering from sleep apnea may be more likely to die from 
SCD. 



[001 8] Respiration can be measured and sleep apnea can be detected through various 
means, such as, but not limited to, impedance measurements, acoustic measurements, 
thermal measurements, and gas analysis measurements. Respiration can be detected via 
impedance measurements by applying electrodes to the chest. When the chest expands 
and contracts during breathing, the chest's movement causes a change in the signal 
between the electrodes, which a monitor senses. Respiration can be detected via acoustic 
measurements by attaching a microphone and associated circuitry to the patient to listen 
and detect respiratory sounds. Thermal measurements can be used to detect respiration by 
positioning a sensor or probe in the patient's mouth or placing a mask over the patient's 
mouth and nose to detect the temperature of air flow. Gas analysis measurements can be 
used to detect respiration by positioning a sensor or probe in the patient's mouth or placing 
a mask over the patient's mouth and nose to measure the amount of carbon dioxide being 
exhaled. Based on the acquired respiration data from any one or more of these 
measurement techniques, medical personnel can determine if a patient has sleep apnea. 

[0019] FIG. 1 illustrates a patient 10 with electrocardiogram ("ECG") electrodes 14 
connected to the patient's chest. The ECG electrodes 14 can be connected to a patient data 
acquisition system 18 that acquires and records the patient's ECG and other patient data. 
One or more ECG electrodes 14 can be positioned on the patient's chest to acquire an 
ECG. The patient data acquisition system 18 can be any suitable data acquisition, 
analysis, and/or storage device, such as a patient monitor or a Holter monitor. The patient 
data acquisition system 18 can be included in a portable housing that can be worn by the 
patient. 

[0020] FIG. 1 also illustrates the patient 10 with respiration electrodes 22 connected to 
the patient's chest. The respiration electrodes 22 can be connected to the patient data 
acquisition system 18 that acquires and records respiration-related data for the patient 10. 
The respiration-related data can also be acquired through the ECG electrodes 14. The 
other methods of acquiring respiration data discussed above may also be used or 
alternatively be used, but are not illustrated or further described herein. 
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[0021] An ECG is a noninvasive procedure that records the electrical activity of the 
heart. The electrical activity is related to the impulses that travel through the heart that 
determine the heart's rate and rhythm. An ECG can be used to evaluate the patient's 
cardiac condition and indirectly determine if a heart attack has occurred; what part of the 
heart is damaged; if there are any irregular heart beats or rhythms; and if there is a 
decreased supply of blood and oxygen to the heart. 

[0022] The ECG and respiration data can be acquired from the patient in various 
settings, such as a hospital (e.g., cardiac catheterization lab, an electrophysiology lab, an 
emergency room, etc.), a clinic, a sleep laboratory, or a doctor's office. The patient 10 can 
also be remotely monitored while at home for a longer period of time with various remote 
monitoring techniques, such as with a Holter monitor. In one embodiment, the patient data 
acquisition system 18 is a Holter monitor that can acquire impedance, acoustic, thermal, 
and/or gas analysis respiration measurements, along with various typical ECG or other 
cardiac measurements. For example, in one embodiment, the patient data acquisition 
system 18 can acquire impedance respiration measurements with respiration electrodes 22 
and one or more channels of ECG data with ECG electrodes 14. The patient data 
acquisition system 18 can include one or more data storage devices. In some 
embodiments, the patient data acquisition system 18 can also include data analysis 
components and/or a display device for at-home monitoring. 

[0023] The ECG measurements discussed below can be made with data acquired using the 
patient data acquisition system 18, for example in the form of a Holter monitor according 
to one embodiment of the invention. Heart rate variability ("HRV") is generally defined 
as the beat-to-beat variance in sinus cycle length over a period of time. A patient 
exhibiting low HRV shows a significantly increased risk of sudden cardiac death. Heart 
rate turbulence is generally defined as the physiological, bi-phasic response of the sinus 
node to premature ventricular contractions. Heart rate turbulence consists of a short initial 
acceleration followed by a deceleration of the heart rate. Heart rate turbulence can be 
quantified by two numerical parameters, the Turbulence Onset and the Turbulence Slope. 
The premature ventricular contraction causes a brief disturbance of the arterial blood 
pressure (low amplitude of the premature beat, high amplitude of the ensuing normal beat). 
When the autonomic control system is intact, this fleeting change is registered 
immediately with an instantaneous response in the form of heart rate turbulence. If the 
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autonomic control system is impaired, this reaction is either weakened or entirely missing. 
QRS duration is generally a time series and/or waveform morphology measurement. ST/T 
measurements monitor the elevation or depression of the S-T segment of the ECG to 
determine the amount of oxygenated blood being pumped to the heart. Signal averaged 
ECG ("SAECG") is a technique involving computerized analysis of small segments of a 
standard ECG in order to detect abnormalities, termed ventricular late potentials ("VLP"), 
that would be otherwise obscured by "background" skeletal muscle activity. VLPs reflect 
aberrant, asynchronous electrical impulses arising from viable isolated cardiac muscle 
bordering an infarcted area and are thought to be responsible for ventricular 
tachyarrhythmias. T-wave alternans are generally defined as a "beat-to-beat" alternation 
in the T-wave portion of a patient's ECG. These alternations have been associated with an 
increased likelihood of ventricular arrhythmia. Chronic and intermittent atrial fibrillation 
is generally a rhythm disturbance of the atria that results in irregular, chaotic, ventricular 
waveforms varying from bradyarrhythmia to tachyarrhythmia. Atrial fibrillation occurs 
when the atria beat (quivers) faster than the rest of the heart. As a result, blood is not 
pumped completely out of the atria, so it may pool and clot. A stroke can result if a blood 
clot in the atria leaves the heart and becomes lodged in an artery in the brain. 

[0024] In addition to ECG and respiratory data acquired with the patient data 
acquisition system 18, the patient 10 may undergo other cardiology tests, such as a stress 
test, a stress-echo test, a stress-nuclear test, a cardiac catheterization (also known as an 
angiogram), an electrophysiology study, and/or other medical test procedures. Generally, 
these tests produce various images, results, and reports, but are not necessarily correlated 
to other ECG or respiratory data acquired while the patient 10 is sleeping. Some of these 
tests can provide cardiac measurements, such as ejection fraction, wall motion 
abnormalities, heart rate variability, heart rate turbulence, QRS duration, signal averaged 
ECG, rhythm abnormalities, T-wave alternans, ST/T measurements, intermittent or 
chronic atrial fibrillation, etc. Any one or combination of these measurements can be 
used to predict SCD, and thus each test can provide an independent indication of SCD. 
Generally, one test does not provide all of the measurements mentioned above and the 
patient does not undergo all of the tests. The medical personnel reviews the images, 
results, and reports of the particular test(s) that the patient 10 has undergone to provide a 
diagnosis and a treatment plan for the patient. Generally, the data acquired from these 
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various cardiology tests is stored in a database and/or printed onto paper and saved in the 
patient's paper file. In one embodiment of the invention, the data acquired from these 
cardiology tests is correlated to ECG and respiratory data acquired when the patient 10 is 
sleeping. 

[0025] FIG. 2 schematically illustrates a monitoring system 26 according to one 
embodiment of the invention. The monitoring system 26 can include the patient data 
acquisition system 18, a device 30 or any number of devices 30, an SCD prediction system 
34, and a server 42, each of which can communicate over a network 38. The device(s) 30 
can be any suitable medical device or any type of computerized system that can 
communicate over the network 38. The device(s) 30 can be equipment associated with 
any one of the cardiology tests described above (e.g., stress test equipment). The device(s) 
30 can also be connected to the patient data acquisition system 18. For example, in some 
embodiments, the device(s) 30 include thermal measurement or gas analysis measurement 
devices. The SCD prediction system 34 can interface and communicate with the patient 
data acquisition system 18, the device(s) 30, and any other device in the monitoring 
system 26. Other embodiments that include fewer or more systems or components than 
are shown in FIG. 2 are also encompassed by the invention. 

[0026] The monitoring system 26 can include a database 46 connected to the server 
42. The server 42 can generally include an operating system for running various software 
programs and/or a communications application. In particular, the server 42 can include a 
software program(s) 50 that can communicate with the patient data acquisition system 18 
and/or the device(s) 30 via the network 38. The software program(s) 50 can be 
manipulated by one or more computer terminals (not shown) and/or other suitable medical 
equipment to acquire, enter, review, analyze, and save information and/or patient data. 
The patient data analysis system 18, the device(s) 30, and the SCD prediction system 34 
can use a single server and database as is known in the art; however, additional servers and 
databases may also be used. The database 46 can store information received from the 
patient data acquisition system 18, the device(s) 30, and the SCD prediction system 34, 
such as patient data, raw data, analyzed data, processed data, ECGs, respiration data, stress 
ECGs, echocardiograph images, nuclear images, X-ray images, ECG patterns, image 
patterns, decision support, mathematical equations, measurements, reports, diagnoses, 
tables, etc. 
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[0027] The network 38 can be built according to any networking technology or 
topology or combinations of technologies and topologies and may include multiple sub- 
networks. Connections between the patient data acquisition system 18, the device(s) 30, 
and the SCD prediction system 34 and the server 42 can be made through local area 
networks ("LANs"), wide area networks ("WANs"), public switched telephone networks 
("PSTNs"), Intranets, the Internet, and/or any other suitable networks. In a hospital or 
medical care facility, communication in the monitoring system 26 can be conducted 
through the Health Level Seven ("HL7") protocol with any version and/or other required 
protocol. HL7 is a standard protocol which specifies the implementation of interfaces 
between two computer applications (sender and receiver) from different vendors for 
electronic data exchange in health care environments. HL7 allows health care institutions 
to exchange key sets of data from different application systems. Specifically, HL7 defines 
the data to be exchanged, the timing of the interchange, and the communication of errors 
to the application. The formats are generic in nature and must be configured to meet the 
needs of the two applications involved. 

[0028] The two-way arrows in FIG. 2 represent two-way communication and 
information transfer between the network 38 and the patient data acquisition system 18, 
the device(s) 30, and the SCD prediction system 34 and server 42. However, the 
monitoring system 26 may also include components that are only capable of one-way 
communication with the network 38 (either one-way reception or transmission of 
information and/or data). 

[0029] The SCD prediction system 34 can include a computer terminal (not shown) or 
other user interface device adapted to be accessed by the medical personnel to determine 
and/or predict whether a patient is subject to sudden cardiac death. 

[0030] The SCD prediction system 34 can access the data available for the patient 10 
from the patient data acquisition system 18 and the device(s) 30 and the database 46 in 
order to evaluate various combinations of criteria (e.g., typical ECG measurements, 
respiration, ejection fraction, wall motion abnormalities, heart rate variability, heart rate 
turbulence, QRS duration, signal averaged ECG, rhythm abnormalities, T-wave alternans, 
ST/T measurements, intermittent or chronic atrial fibrillation, etc) and to generate a single 
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medical report. The single medical report can use a combination of parameters and 
measurements to provide a prediction of sudden cardiac death. 

[003 1] In some cases, the patient 10 may have had a previous heart attack or 
myocardial infarction, (i.e., a heart attack caused by blockage of a portion of the coronary 
artery which supplies blood to the heart muscle). As a result of the blockage, a portion of 
the heart muscle does not receive blood and therefore becomes scarred and diseased. The 
SCD prediction system 34 can acquire data available for the patient 10 from tests 
performed before or after the patient 10 experienced a heart attack. If the test data was not 
electronically stored at the time, but is in paper form, the data can be scanned into or 
otherwise captured by the SCD prediction system 34, such that the SCD prediction system 
34 can analyze differences in the patient's heart condition when making measurements and 
calculations and providing the single medical report and sudden cardiac death prediction. 

[0032] As noted, the SCD prediction system 34 can include software program(s) 50 
and/or hardware that are stored or included in a server or piece of computer equipment 
connected to the network 38. However, in some embodiments, all or any suitable portion 
of the software program(s) 50 and hardware can be stored or included in the patient data 
acquisition system 18. Alternatively, as shown in FIG. 2, the software program(s) 50 can 
be stored in the server 42 connected to the network 38 and the database 46, but separate 
from the patient data acquisition system 18 and the SCD prediction system 34 (which 
generates the single medical report). As shown in FIG. 3, the software program(s) 50 can 
include an acquisition module 54, which operates to acquire the patient data from the 
patient data acquisition system 18 and any data linked to the patient 10 from the device(s) 
30 and the database 46. The patient data can include measurements, raw data, unanalyzed 
data, analyzed data, medical personnel conclusions, images, charts, graphs, identified 
abnormalities, normal and abnormal ranges, patient identifiers (name, age, sex, weight, 
race), patient history (cholesterol level, diabetes, family history, smoking, blood pressure, 
obesity), symptoms, dates of reports and tests, identification of prescribing, attending and 
reading physicians, etc. 

[0033] The software program(s) 50 can also include an analysis module 58, which can 
analyze the acquired data for the patient 10. The analysis module 58 can include a pattern 
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recognition module 62, a mathematical relationship module 66, a decision support module 
70, and any additional modules necessary to analyze the acquired data. 

[0034] The pattern recognition module 62 can include stored ECG patterns 74 with 
ECGs having known or assigned conditions and diagnoses. The pattern recognition 
module 62 can provide ECG measurements based on the similarities and differences 
between the patient's ECGs and the stored ECG patterns 74. 

[0035] The mathematical relationship module 66 can perform mathematical 
computations on various parameter values (e.g., heart rate, respiration, typical ECG 
measurements, etc.) and/or combinations of parameter values to generate mathematical 
measurements that can be compared to acceptable numbers and/or ranges stored in or 
accessed by the decision support module 70 (as further discussed below). For example, 
the mathematical relationship module 66 can be used to determine if the patient 10 has 
sleep apnea. The mathematical relationship module 66 can also perform correlation and 
logistic regression analyses to determine a relationship between sleep apnea, SCD, and/or 
stroke. 

[0036] The decision support module 70 can include a table 78 of ranges. The ranges 
can indicate various levels of the progression of heart disease for each parameter value. 
The ranges can also correlate to the mathematical measurements from the mathematical 
relationship module 66 and/or ECG measurements from the pattern recognition module 
62. 

[0037] The software program 50 can also include a diagnosis module 82, which can 

provide a medical diagnosis and/or an SCD risk score based on the analyses performed by 

the pattern recognition module 62, the mathematical relationship module 66, and/or the 

decision support module 70. The medical diagnosis can also include an indication of any 

likely relationship between sleep apnea and SCD, recommended medical treatments or 

follow-up tests, or an indication that the data was inconclusive. The SCD risk score can 

identify the level of susceptibility of the patient 10 to sudden cardiac death and the 

parameters and/or provide the measurements that contributed to the SCD risk score. For 

example, the SCD prediction system 34 can provide a high SCD risk score if the patient 

has sleep apnea, an ejection fraction less than 30%, the patient had a prior heart attack (as 

defined by wall motion abnormality or clinical condition), and/or the patient is 
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experiencing one or more of the following: the QRS duration is greater than 120 ms, the 
signal averaged ECG is greater than 140 ms, heart rate variability is abnormal, T-wave 
alternans are abnormal, or the heart rate turbulence is abnormal. Other determinations of 
sudden cardiac death using more or fewer parameters (including parameters not described 
herein) can be used and fall within the scope of the invention. 

[0038] The software program 50 can also include a report module 86, which can 
provide a single or multiple medical reports that combine multiple independent tests 
(having multiple parameters such as ECG and respiration). The medical reports can 
include the SCD risk score, the specific measurements that contributed to the SCD risk 
score, the ECG and respiration measurements, any image measurements, any mathematical 
measurements, the acceptable ranges for each parameter used to calculate the SCD risk 
score, a medical diagnosis (with any recommended treatment, as appropriate), graphs, 
charts, trends, ECGs, images with ECG indices, images identifying locations of problems, 
etc. The reporting module 86 can generate a single or multiple medical reports to be 
displayed on the computer terminal screen or adapted to be printed at a printer. 

[0039] According to one embodiment of the method of the invention, as shown in FIG. 
4, the SCD prediction system 34 can activate the software program 50 to acquire (at step 
100) data for the patient 10 with the acquisition module 54. In some embodiments, the 
acquisition module 54 can communicate with and acquire the data from the patient data 
acquisition system 18, the device(s) 30, and/or the database 46 through the network 38. 

[0040] The analysis module 58 can receive and analyzed (at 104) the patient data. The 
patient's ECG data can be transmitted to the pattern recognition module 62 for analysis (at 
108), such as a comparison with stored ECG patterns 74 having known conditions and 
diagnoses. The ECG measurements, including the similarities and differences between the 
patient's ECGs and the stored ECG patterns 74 can be detected and saved. The various 
parameter values obtained during the various cardiac tests can be transmitted to the 
mathematical relationship module 66. The mathematical relationship module 66 can 
calculate (at 112) mathematical measurements based on any single parameter value and/or 
a combination of parameter values. 

[0041] The decision support module 70 can receive the mathematical measurements 

and the ECG measurements. The decision support module 70 can correlate or compare (at 
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116) the mathematical measurements and the ECG measurements to ranges to determine 
the patient's level of heart disease. 

[0042] The diagnosis module 82 can receive the mathematical measurements, the ECG 
measurements, and the correlation data from the decision support module 70, and can 
determine a diagnosis and calculate (at 120) the SCD risk score for the patient. 

[0043] The diagnosis and/or SCD risk score and any other suitable data can be 
transmitted to the report module 86. The report module 86 can generate (at 124) at least 
one or more reports that combine at least respiration and ECG measurements for an 
indication of sudden cardiac death. The reports can be configured for display at a 
computer terminal and/or printing at a printer. 

[0044] Various features and advantages of the invention are set forth in the following 
claims. 
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